R:916 



P. 16/3i 



[19] •t'^AEg^fPii^lQTRi^^Ji 

[12] m'^mmmm^ 




[21] ^iR-^ 03102719.9 



FMB53A4 

FD4B 35/04 



C433 ^^^0 2003^8^6 0 


[11] ^^?F^ CN 1434212A 


CQ] 2003.1.17 CU] #1|t# Q31Q2719.9 




[30] ttjtft 




Qft]2002. 1.18 C33]JP [31] 2002 -010435 












[TJI^WA ^ESt«[ 









[57] «S 

«i1^«P(io)«jS*F(9)^i&i&ft*ifla:(8)WJS*(7) 

{i2)6<i^«j^(i3)^;^^, ^mmM^^n^nm-M^ 

#Tj^(R600a). #^S^tSSg^#H*lSiI(10)WTO 

m& V ^mnmHi^m=F^nmm mmi, f a«i 

V X P <200N . 3R^:*::^l9r ;f 




17 5 



r» 

t 

DO 

o 
o 



'07$08^2lB(jlOl0l|07ij^ |5fe:MCDERM0TT 



R:916 



P. n/38 



English Translation of CN 143421 2A 



Reciprocating Hermetic Electric Compressor 

Technical Field 

The invention relates to a reciprocating hermetic electric compressor for 
refrigerating cycle, and which uses the rsobutane (R600a) that Is a natural 
refrigerant as the fluid for compression. 

Background of the Art 

For example, in a refrigerator and the like, a reciprocating hermetic electric 
compressor is widely used as a compressor which constitutes refrigerating 
cycle. Furthermore, in such compressor, the ball-and-socket joint mechanism 
section is one of the means connecting the crank pin integrally dfsposed on a 
main shaft with the piston contained in a cylinder. 

in ball-and-socket joint mechanism section, the crank pin freely rotationally 
inserted in a main shaft is connected with an end section of a connecting rod, 
and the other end section of a connecting rod extends inside a piston. A ball 
is disposed integrally on the other end section of the connecting rod, and is 
enclosed by the ball shaft of the piston, and freely slide. 

The main shaft is rotationally driven, the connecting rod is swigged centered 
the ball-and-socket joint mechanism section along with the eccentric rotation 
movement of the crank pin. Thus, a piston moves reciprocatingly in the 
cylinder, and inhalation and discharging of a refrigerant is repeatedly 
conducted. 

However, Rl34a (1,1,1,2-tetrafluoroethane) that is HFC (Carbon Hydrogen 
Fluoride) refrigerant is generally used as the refrigerant for the refrigerator. 
By using R134a. concern of the ozone layer depletion which is the fault of the 
refrigerant (R12) is canceled, and it is very effecbve in respect of earth 
environmental protection. 

As refrigerant, the refrigerant having the lower coefficient of greenhouse effect 
of the earth other than ozone depletion coefficient Is required. In R134a, the 
ozone depletion coefficient is "0", while greenhouse effect coefficient is certain 
value. Therefore, as long as all refrigerating cycle device use R134a, there is a 
possibility that will affect to the global warming In the near future. 

On the other hand, as the refrigerant having lower ozone depletion coefficient 
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and lower greenhouse effect coefficient, the isobutane (R600a) is known. By 
using this kind of refrigerant, most prevention of ozone layer depletion and 
global warming can be reconciled, and it is very Ideal, 

However, the present condition is in during the development of the refrigerating 
cycle component part which is adapted for R134a, the development about the 
component part which is adapted for an isobutane (R600a) refrigerant has not 
started. Thus, the inventor is paying attention to the compressor in which effect 
appears most notably by changing refrigerant 

Summary of Invention 

One object of the invention is to provide a reciprocating hermetic electric 
compressor which is not only effective in ozone-layer-depletlon prevention but 
global wamning, and has improved reliability. 

In order to satisly the above -mentioned purpose, reciprocating hermetic 
electric compressor of the invention extends a connecting rod from the crank 
pin of a main shaft; the connecting rod is connected with the piston held in a 
cylinder through the ball-and-socket joint mechanism section; the 
ball-and-socket joint mechanism section is consisted of a ball disposed 
integrally on the end section of the connecting rod and a ball bearing which is 
disposed on a piston and freely slidingly encloses a ball; when the fluid for 
compression is as a refrigerant: isobutane (R600a), the average speed V of 
the ball-and^ocket joint mechanism section, and relation with the load F which 
acts on the ball-and-socket Joint mechanism section at the time of a 
compression stroke is set as: V x F < 200N - m/s. 

Furthermore, the diameter d of the ball constituting the balUand-socket joint 
mechanism section was set below to 14.5 mm. 

In rocking movement of the connecting rod accompanying eccentric rotation of 
a crank pin, the rocking angle of a connecting rod was set as 54 degrees or 
less. 

The rotational speed of the main shaft was set as below to 105 (rps). 

Furthemiore. the ball bearing is treated with nltriding treatment and 
phosphoric-acid manganese treatment or one of the above treatments. 

As a material of a ball, the hlgh-carbon<hromium steel materials which contain 
chromium (Cr) 0.5 to 2.0% were adopted. 

A buffer ring which Is consists of thermoplastics material, such as PTFE and 
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PFA, is interposed between the ball and the ball bearing. 

By adopting a means to solve the above technical problem, it becomes the 
compressor suited for refrigerant being Isobutane (R600a), to improve 
reliabilrty. 

Brief Description of Drawings 

Figure 1 is a front view of longitudinal section of the reciprocating hermetic 
electric compressor of one embodiment of the invention. 
Figure 2 is a view Illustrating a part of the operation of the compression 
mechanism of one embodiment of the invention. 

Figure 3 is a view showing the relation of the F x V value of the ball-and-socket 
joint mechanism section vs. the wear loss of the ball bearing of one 
embodiment of the invention. 

Embodiment of the Invention 

Hereafter, the embodiment of the invention is explained based on the 
drawings. 

Figure 1 shows ttie front view of the longitudinal section of the reciprocating 
hermetic electric compressor which constitutes the refrigerating cycle of a 
refirigerator. 

As a refrigerating cycle of a refrigerator, it has the condenser, the expansion 
equipment and the evaporator other than the above-mentioned compressor, 
and these equipments are communicated by refrigerant pipes to constitute the 
refrigerating cycle loop. 

As a refrigerant used for such refrigerating cycle, the isobutane (R600a) which 
is a natural refrigerant is adopted, and it is characterized by having the 
reciprocating hemietic electric compressor mentioned later as a compressor 
which is most adapted for this refrigerant 

In such reciprocating hennetic electric compressor, in Figure 1, 1 represents 
a vertical sealing case. On the middle section inside of the case 1 , frame 2 is 
supported elastlcally by spring 2a. A compression mechanism section 3 is 
fixed on the upper side of the frame 2, and a motor 4 is disposed on the lower 
side. 

The compression mechanism section 3 uses the so-called reciprocating 
hemr^etic compressor. In addition, it explains that a hole 2b for pivotally support 
Is disposed along the center section of frame 2, In which the rotation shaft 5 Is 
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inserted free rotationally. 

Range 5a is provided on the upper end section of the rotation shaft 5. which is 
disposed freely slldablely above the frame 2. A crank pin 5b is connected 
with the upper section of the flange 5a, which has the center axis which 
defines eccentricity to the center axis of rotation shaft 5. 

Thus, when the rotation shaft 5 is driven, flange 5a will rotate in the state of a 
slide contact on the upper surface the frame 2, and the crank pin 5b will 
ecoentrically rotate around the center of rotation shaft 5. 

Furthennore, the compression mechanism section 3 is provided on the upper 
surface of the frame 2, and Is equipped with the cylinder 6 which tumed shaft 
orientations horizontally. The interior of the cylinder 6 serves as the cylinder 
chamber 8 In which a piston 7 is contained freely reciprocatlngly. 

The end of a connecting rod 9 is connected with the piston 7 through the 
batt-and-socket joint mechanism section 10. The large end 11 is disposed on 
the other end of the connecting rod 9 , which Is freely inserted the crank pin 5b. 

The ball-and-socket joint mechanism section 10 is formed with a ball 12 in the 
end of the connecting rod 9. The ball bearing 1 3 is formed inside the piston 7. 
The ball 12 Is enclosed by ball bearing 13 and freely rotates therein 

By this, with eccentric rotation of crank pin 5b, a connecting rod 9 can form 
rocking movement supporting by the ball-and-socket joint mechanism section 
1 0 to cause a piston 7 to reciprocate in a cylinder 6. 

On the other hand, the opening end of a cylinder 6 is sealed by the valve 
mechanism 15, and covered by the valve cover 16. Although not illustrated in a 
detail, the partition section which bisects the interior is disposed in the valve 
cover 16, and, one space forms an absorption room, another space serves as 
an exhaust room. 

The valve mechanism 15 is provided with valve plate having absorption 
opening and an exhaust opening, and each absorption opening and an 
exhaust opening Is opened and closed by an intake valve and the discharge 
valve. And the absorption opening opposes to the absorption room, and the 
exhaust opening opposes to the exhaust room. 

Thus, to the constituted compression mechanism section 3, the motor section 
4 is equipped with the peripheral surface of rotor 17 attached in the part which 
projects caudad from the frame 2 of the above-mentioned rotation shaft 5. and 
this Rota 17, and the inner skin which consists a narrow gap. and consists of a 
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stator 18 by which vertical installation immobilization is carried out with a 
proper means from the above-mentioned frame 2. 

Next, compression operation of the reciprocating hermetic electric compressor 
and the refrigerating cycle operation accompanying it are explained. 

If it energizes in the motor section 4 and the rotation drive of the rotation shaft 
5 Is carried out, crank pin 5b will carry out eccentric rotation at one. According 
to this eccentric rotation, a piston 7 carries out both-way fate of the inside of 
the cylinder room 8 to a connecting rod 9 through the ball-and-socket joint 
mechanism section 10. 

In the sealing case 1, the low voltage refrigerant gas. i.e., isobutane (R600a) 
gas, which is evaporated by the evaporator, is introduced. This gas is led to the 
absorption room in a valve cover 16, and Is further inhaled by the cylinder 
room 8 of a cylinder 6 with migration (fonvard movement) of a piston 7, 

Isobutane gas (R600a} is compressed because a piston 7 moves backward 
(backward action). When the piston 7 moves to the so-called dead point, a 
discharge valve will be opened, and the compressed and high pressurelzed 
isobutane gas at the cylinder room 8 will be discharged by the exhaust room of 
a valve cover 16. 

Furthermore, this high pressure gas is drawn from the sealing case 1 through 
the discharge tube within a case to an external refrigerant pipe, and is led to an 
above-mentioned refrigerating cycle. From the place which the rotation shaft 5 
is continuing and rotating, a piston 7 carries out reciprocating movement and 
an above-mentioned refrigerating cycle is repeated. 

Figure 2 is the top view of the outline which made the cross section a part of 
compression mechanism section 3. 

Especially, the relation between eccentric rotation of the crank pin 5b, rocking 
movement of the connecting rod 9 accompanying it, and the ball-and-socket 
joint mechanism section 10 and the piston 7 is explained. 

Crank pin 5b cames out eccentric rotation with rotation of the rotation shaft 5, 
and the center of the crank pin Oa draws the circular rotation locus A1 which 
makes eccentricity a radius of gyration. The connecting rod 9 rocks in a 
predetemirned rocking angle a, and in the ball-and-socket joint mechanism 
section 10, a ball 12 and the ball bearing 13 slide with respect to each other 

When the isobutane (RSOOa) gas which is a refrigerant gas introduced into the 
cylinder room 8 is compressed, a load is applied to the end surface of the 
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piston 7, and the force acts on the ball-and-socket joint mechanism section 10 
through a piston 7. 

Generally, as evaluation to the ball-and-socket joint mechanism section 10, 
although the product of the planar pressure (P) conceming the ball-and-socket 
joint mechanism section 10 and the sliding rate (V) of the ball-and-socket joint 
mechanism section 10 is raised, let the product of the mean velocity (V) at the 
time of the maximum load (F) and sliding of a ball 12 be an index here. 

The equation which asks for the product of maximum load F and mean velocity 
Vis as follows: 
F=(p/4)x(D2)x(Pd-Ps) 
V=pxdx (a/360) xf 

where D represents the diameter of the piston 7, Pd represents discharge 
pressure. Ps represents suction pressure, d represents the diameter of the ball 
12, a represents the rocking angle of the connecting rod 9. f represents ihe 
rotation speed of the rotation shaft 5. 

Figure 3 shows the relation of F x V value and the abrasion loss of the ball 
beanng 13 in the ball-and-socket joint mechanism section 10. 

When F x V value is below 200 N - m/s, it Is a good state that abrasion loss is 
low. When F x V value is above 200 N • m/s. there Is a trend of increasing the 
abrasion loss. 

If working pressure of an isobutane (R600a) is a consideration condition, the 
discharge pressure is assumed as a maximum of 1 (MPa). suction pressure is 
at least 0.05 (MPa). 

In this case, in order to satisfy F x V<200 N - m/s, it is better that the diameter 
of ball 12 is below 14.5 mm, the rocking angle is below 54 degree, and the 
rotation speed of the rotation shaft is below 105 rps. 

Furthemiore, in order to Improve the abrasion resistance of the ball-and-socket 
joint mechanism section 10, it is an effective means to perfomi nitriding 
treatment or phosphoric-acid manganese treatment to the ball bearing 13 
which is on the support side of the ball-and-socket joint mechanism section 10, 
or one of these treatments. 

Moreover, it is also effective to use the high-carbon-chromium steel materials 
containing 0.2-2.0% chromium as a material of the bail 12 integrally disposed 
in the end of a connecting rod 9. 
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Thus, the ball bearing 13 receives a ball 12 by riveting (plastic deformation) 
process as the characteristic in the ball-and-socket joint mechanism section 10. 
Then, the sliding in the ball-and-socket joint mechanism section 10 is 
extremely carried out smoothly by interposing the buffering 20 of the shape of 
a ring which becomes a rivefing part from thermoplastics material, such as 
PTEF and PFA, as shock absorbing material. 

In addition, a refrigerant (R600a) is hydrocart^ons, and also may be an 
inflammable refrigerant. If the pressure of the refrigerating cycle is smaller than 
atmospheric pressure, and It becomes the conditions which gas leaks from a 
refrigerating cycle under a certain situation, air will be inhaled in a refrigerating 
cycle. 

On the other hand, when a detailed blemish is in the coil section of the stator 
18 which constitutes the motor section 4, it discharges from a blemish and an 
arc occurs. Consequently, fear of combustion or explosion has the isobutane 
(R600a) which rs an inflammable refrigerant within a refrigerating cycle. 

In addition, there are a distributed winding and a concentrated winding as a 
means of a coil against stator 18 iron core. In response to stress, a blemish 
tends to generate In the above-mentioned distributed winding. For 
concentrated winding, the coil does not receive stress, a blemish does not 
occur. 

Then, in the case of a distributed winding, the blemish in response to stress is 
repaired by fixing the electrical Insulator in the coil after motor completion. In 
particular, paint is applied to the coil as insulator after winding, and then is 
subject to heat fixing or fixing under normal temperature. 

Therefore, even if it is a distributed winding, the risk of combustion or explosion 
is canceled in the refrigerating cycle using an inflammable refrigerant 
isobutane (RSOOa). Since in the case of a concentrated winding a coil does not 
receive stress and a blemish does not occur, it uses as It is. 

Furthermore, although in the compression mechanism section 3 of the 
reciprocating hermetic electric compressor shown in Figure 1 , a cylinder 6 Is 
explained as a separate device (one cylinder), it is not limited to this. The 
compression mechanism section may be equipped with a pair of cylinder (two 
cylinders) symmetrically the right-and-left both sides of a rotation shaft 5, and 
all the above-mentioned limited requirements are applied as it is. 

As explained above, according to this invention, it can apply to the refrigerating 
cycle using a refrigerant, i,e„ isobutane with little effect in global warming 
(R600a). It is not only effective in ozione layer depletion prevention, but the 
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effectiveness that improvement in dependability can be aimed at is done so. 
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Claims 

1 . A reciprocating hermetic electric compressor which extends a connecting 
rod from the crank pin of a main shaft, the connecting rod being connected 
with the piston held in a cylinder through a ball-and-socket joint mechanism 
section, characterized in that the ball-and-socket joint mechanism section is 
consisted of a ball disposed integrally on the end section of the connecting rod 
and a ball bearing which is disposed on a piston and freely slidingly encloses a 
ball; when the fluid for compression is as a refrigerant isobutane (R600a), the 
average speed V of the bal^and-socket joint mechanism section, and relation 
with the load F which acts on the ball-and-socket joint mechanism section at 
the time of a compression stroke is set as: V x F < 200N - m/s. 

2. The reciprocating hermetic electric compressor according to claim 1. 
characterized in that the diameter d of the ball which constitutes the 
ball-and-socket joint mechanism section is below 14.5 mm. 

3. The reciprocating hermetic electric compressor according to claim 1, 
characterized in that the rocking angle of the connecting rod is set as 54 
degrees or less in rocking movement of the connecting rod accompanying 
eccentric rotation of the crank pin. 

4. The reciprocating hermetic electric compressor according to claim 1, 
characterized In that the rotational speed of the main shaft is set to below 1 05 
rps. 

5. The reciprocating hermetic electric compressor according to claim 1, 
characterized in that the ball bearing which constitutes the ball-and-socket joint 
mechanism section is processed by nitriding treatment and phosphoric-acid 
manganese processing, or one of these two treatments. 

6. The reciprocating hermetic electric compressor according to claim 1, 
characterized in that the material of the ball which constitutes the 
ball-and-socket joint mechanism section is the high-carbon-chromium steel 
materials which contain chromium (Cr) 0.5 to 2.0%. 

7. The reciprocating hermetic electric compressor according to claim 1, 
characterized in that buffering ring which consists of thermoplastics material, 
such as PTFE and PFA, is interposed between the balls and ball bearings 
which constitute the ball-and-socket joint mechanism section. 
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Abstract 

A reciprocating hermetic electric compressor which extends a connecting rod 
from the crank pin of a main shaft, the connecting rod is connected with the 
piston held In a cylinder through the balf-and-socket joint mechanism section, 
the ball-and-socket joint mechanism section is consisted of a ball disposed 
integraly on the end section of the connecting rod and a ball bearing which is 
disposed on a piston and freely slidingly encloses a ball; when the fluid for 
compression is as a refrigerant: isobutane (R600a). the average speed V of 
the ball-and-socket joint mechanism section, and relation with the load F which 
acts on the ball-and-socket joint mechanism section at the time of a 
compression stroke is set as: V x F < 200N ■ m/s. 
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